Introduction

69
The proximate basis of primate brain expansion and increased cognitive performance lies in 70 changes in gene function and regulation. Identifying the genetic basis of phenotypic change 71 can provide insights into how developmental mechanisms evolve, how they are constrained, 72 and how changes at a cellular level contribute to broad scale anatomical evolution (1). This 73 potential for dissecting the biological basis of brain and behavioural evolution motivates 74 many genomic comparisons across primates (2). These have identified numerous genes 75 associated with brain development with high rates of evolution (3-9), divergent expression 76 profiles (10-13) or duplicated sequence (14-17), either across primates or during recent 77 human evolution. In several of these cases the genetic changes have been demonstrated to 78 have functional effects on neuronal proliferation or maturation (7, 8, 15, 18, 19) . These results
79
highlight potential cellular adaptations driving changes in brain size, and provide a powerful 80 means of investigate human-specific adaptations.
81
The majority of these examples investigate genes linked to neocortical evolution, 82 reflecting the widely held assumption that the neocortex has a predominant role in 'higher' 83 cognition (20). However, the neocortex co-evolves with other brain components with which it 84 is functionally connected, suggesting a complete understanding of primate brain expansion 85 will not be found by focusing solely on neocortex development (21) (22) (23) . Of particular 86 importance is the relationship between the neocortex and cerebellum. Across primates 87 cortico-cerebellar co-evolution pervades biological levels, occurring at a coarse volumetric 88 scale, at the level of individual nuclei, and at the cellular level (21, 22, 24) .
89
In humans, the cerebellum is increasingly recognised to be important for both motor 90 and 'higher cognitive' function, including the capacity to plan and execute complex 91 behavioural sequences (20, 23, 25) . Similarly, across primates, cerebellar expansion is linked The importance of coordinated cortico-cerebellum expansion suggests that we must 100 look beyond neocortical evolution to obtain a full picture of the genetic architecture of 
114
Here we ask three questions that provide an initial assessment of the role of genes 115 controlling the development of the neocortex and cerebellum in anthropoid brain evolution.
116
First, we ask whether genes with known roles in the development of the cerebral cortex, 117 which is predominantly composed of the neocortex, are more likely to be targets of positive 118 selection than those affecting cerebellum development. Second, whether patterns of 119 molecular evolution mirror non-allometric changes in component size. Finally, whether these 120 genes evolve in a manner suggesting a specific evolutionary association with either brain 121 component to explore whether cortico-cerebellar co-evolution is maintained by selection 122 acting on a common or independent set of genes.
124
Methods
125
Data collection
126
We obtained a list of human genes with known roles in 'cerebral cortex development ' known roles in both (Table S1 ). Gene-phenotype co-evolution 167 We sought to test the link between the molecular evolution of our gene-set and the evolution 168 of neocortex and cerebellum size using a phylogenetic, comparative approach (40). Branch 169 models in PAML were used to calculate the root-to-tip dN/dS for each species. These were (Table S2) . Genes linked to the development of both brain (Table,   193 1; Figure 1B ; Table S3 ). The same conclusion is reached after correcting for multiple testing 194 using the false discovery rate (FDR) (42), after which the site-model test is significant for two produces more reliable estimates of selection regimes (39).
272
Our analyses highlight several genes with patterns of molecular evolution that link 273 them to inter-specific differences in cerebellum volume. These include two genes, RGRIP1L
274
and ATRN, with a particularly strong signal of co-evolution between the strength of selection 
288
We also find multiple genes with significantly accelerated rates of evolution in volume. This figure is for illustrative purposes, in the main analyses the two brain 596 components were included as variables in a multiple regression.
